The effects of adrenalectomy on the complexity and the relative abundances of rat liver polyadenylated mRNAs have been investigated. The qualitative and quantitative changes induced by adrenalectomy have been measured by hybridisation of polysomal polyadenylated RNAs from the livers of normal and adrenalectomised rats with total cDNAs, fractionated cDNAs, cDNA representing RNAs specific to normal liver, total unique-sequence DNA and unique-sequence DNA complementary to normal liver polysomal RNA. These analyses indicated that, by 14 days after adrenalectomy, the equivalent of about 7000 sequences of average length 2000 nucleotides can no longer be detected in liver polysomes. Many other sequences are decreased in abundance as compared to normal liver, but some abundant sequences become more abundant. Administration of a glucocorticoid hormone (dexamethasone) very rapidly reverses these changes.
INTRODUCTION
Glucocorticoid hormones exert varied, and often contrasting, effects on cellular metabolism and on the regulation of the production of specific gene products. In the livers of normal animals the effects are characteristically stimulatory. Specific enzymes involved in gluconeogenesis, particularly those concerned with the gluconeogenic breakdown of amino acids, are induced. These enzymes include tyrosine amino transferase (1), alanine amino transferase (2) , trytophane oxygenase (3) f glucose-6-phosphatase CO, and phosphoenol pyruvate carboxykinase (5) . The overall effect of these hormones is thus to inhibit the re-incorporation of amino acids released by protein breakdown, and to stimulate the degradation of amino acids into gluconeogenic precursors. In addition, the liver responding to glucocorticoids exhibits profound hypertrophy. All classes of RNA are synthesised in increased quantities. Synthesis of ribosomal RNA is stimulated three-fold (6, 7) , and is accompanied by increased production of tRNA (8) ; polysome formation is stimulated and, consequently, the rate of synthesis of protein is increased Nucleic Acids Research (9) .
Any investigation of the effects of glucocorticoids by administering these hormones to normal animals is complicated by the levels of circulating glucocorticoids in these animals. Thus, changes observed in any parameter measured are superimposed on normal basal levels which, in some instances, may themselves be high. We have, therefore, chosen to study the effects of glucocorticoids on the expression of genes in liver by comparing normal rat livers with livers of rats in which circulating glucocorticoid levels have been substantially depleted by removal of the animals' adrenal glands, and by determining the effect of administering dexamethasone to adrenalectomised rats. We here demonstrate that adrenalectomy causes profound qualitative and quantitative changes in the population of polyadenylated RNAs (poly(A) + RNAs)
on the poly somes of rat liver, and that these changes are rapidly reversed by a single injection of dexamethasone.
MATERIALS AND METHODS

Experimental animals
Male Wistar rats, bred at Glasgow University, weighing 200-250 g were used in all experiments. The animals were fed ad libitum on Rat CRM diet (Labsure Animal Foods, Poole, Dorset, U.K.) and were kept in temperaturecontrolled rooms under 12 h alternating light-dark cycles. Bilateral adrenalectomy was performed via a dorsal approach under ether anaesthesia and adrenalectomised rats were given 0.9% (w/v) NaCl in place of water. In shamadrenalectomised rats, the adrenals were exposed as above but left intact and tap water was available ad libitum as for unoperated rats.
The efficiency of adrenalectomy in depleting circulating glucocorticoids was monitored by taking blood samples at the time of sacrifice. Samples were centrifuged at 3000g av for 15 min at U°C and corticosteroid analysis was generously performed on the supernatants by Dr. R. Frazer of the Blood Pressure Unit of the Western Infirmary, Glasgow. These assays indicated that the levels of circulating glucocorticoids were reduced to less than 0.2% of those in normal animals 11 days after adrenalectomy.
Dexamethasone sodium phosphate succinate (the generous gift of Merck, Sharp 4 Dohme, Ltd., Hoddesdon, Herts., U.K.) was dissolved in 0.9% NaCl and injected intraperitoneally at 1 mg/100 g body weight 2 and 6 h before death. Control animals received 0.9$ NaCl only. Preparation of RNA Excised livers were washed in 0.25 M sucrose in 25 mM KC1, 50 mM Tris-HCl, pH 7.6, 3 mM MgCl 2 , containing 50^»g/ml cycloheximide and 0.02% (v/v) diethyl pyrocarbonate. They were then minced in the same buffer (20 ml/liver) and homogenised with a motor-driven loose-fitting teflon-glass homogeniser. The homogenate was adjusted to 1.0% (w/v) with respect to Triton X-100 and centrifuged at 800g av for 15 min in the HB4 rotor of the Sorval RC-5 centrifuge at 4°. The post-mitoehondrial supernatant was layered over 1 ml cushions of 50 mM Tris-HCl, pH 8.5, 50 mM KC1, 3 mM MgCl 2 in 1 M sucrose containing 5^ug/ml cycloheximide, 7 mM 2-mercaptoethanol and 0.02% (v/v) diethyl pyrocarbonate, and was sedimented at 170,000g max in cellulose nitrate tubes in the SW 40.1 Ti rotor of an L2-65B Beckman ultracentrifuge. The polysomal pellet was washed once and RNA was isolated from it by CsCl extraction (10).
Poly(A)
+ RNA was obtained from polysomal RNA by oligo(dT)-cellulose chromatography (11) . RNA which was bound through two cycles of oligo(dT)-cellulose chromatography was retained and desalted by filtration through Sephadex G50 (12) . The amount of poly(A) + RNA recovered, its average size, and the average lengths of poly(A) tracts, did not differ significantly between normal and adrenalectomised rats. Preparation and fractionation of complementary DNA (cDNA)
The synthesis of ^H-cDNAs (sp. act., 5 x 10^ counts/min/ng) was done essentially as described previously (12) ; cDNAs of length 300-1700 nucleotides were recovered after rate-zonal sedimentation through alkaline sucrose gradients (12) for use in the hybridisation reactions. Reverse transcriptase was a gift from Dr. J.W. Beard, National Cancer Institute, Bethesda, Md.
Total cDNA was fractionated into probes for abundant and rare poly(A) + RNAs by hybridisation with a 100-fold mass excess of total mercurated poly(A) + RNA to a R Q t (RNA concentration in moles of nucleotide per litre x time in sec.) of 10 moles sec. 1 , and separation by chromatography on thiol-Sepharose (13, 14) . The cDNAs for rare RNA sequences were rehybridised with mercurated polysomal poly(A) + RNA to a R Q t of 3 x 10^ moles sec. I" 1 and re-fractionated on thiol-Sepharose to eliminate non-hybridisable material. The cDNA probe for RNA species present in normal rat liver but absent after adrenalectomy was isolated in the same way, after a heterologous hybridisation reaction between normal liver cDNA and polysomal poly(A) + RNA from livers of adrenalectomised rats. Preparation and fractionation of unique-sequence DNA Rat-liver DNA was prepared as described previously (15) . Unique-sequence DNA was isolated by two cycles of denaturation and reannealing to a C Q t of 250 moles sec. 1"' followed by hydroxylapatite chromatography (16) . It was then reannealed to a C Q t of 2.5 x 10^ moles sec. 1 , and labelled to a specific activity of 2 to 3 x 1(P counts/min/ng by nick translation in the presence of ^H-dCTP (Radiochemical Centre, Amershara) as described previously (17) .
Unique DNA complementary to liver polysomal poly(A) + RNA was isolated by preparative hybridisation of ^H-unique DNA with a 100-fold mass excess of mercurated polysomal poly(A) + RNA to a R Q t of 4 x 10 1 * moles sec. I"'' followed by thiol-Sepharose chromatography as described for cDNA fractionation. Molecular hybridisation reactions cDNA -RNA hybridisation reactions were done in formamide hybridisation buffer (0.5 M NaCl, 25 mM HEPES, pH 6.8, 1-5 mM EDTA, 50% (v/v) formamide) at 43°. Hybridisation reactions with mercurated RNAs contained, in addition, 1-2 mM 2-mercaptoethanol (18) . The extents of analytical reactions were assayed by S1 nuclease digestion (12) . Unique DNA -mercurated RNA hybridisation reactions were done in the formair/ide hybridisation buffer containing mercaptoethanol; the extents of these reactions were determined by thiol-Sepharose chromatography (18) .
Best-fitting curves were drawn using a computer programme adapted by Dr. B.D. Young (Beatson Institute) from that of Monahan et al. (19) . Table 1 . These imply that normal rat liver polysomal poly(A) + RNA contains about 17,000 different sequences of 2000 nucleotides, in good agreement with the data of others using the same method of analysis (20, 21) .
In contrast, by the same analysis, the polysomal poly(A) + RNA from adrenalectomised-rat liver contains only about 7,000 diverse sequences. By 6 h after the administration of dexamethasone to adrenalectomised rats, the complexity of the liver polysomal poly(A) + RNA population appears to be restored to the same level as that in untreated rats ( Table 1) . The 0 -. + RNA -cDNA reactions: polysomal poly(A) + RNAs from livers of normal rats (•) and adrenalectomised rats (o) hybridised with the corresponding cDNAs (2000 counts/min per point) at RNA concentrations of 1_/ig/ml (log R Q t -2 to 0), 0.5 mg/ml (log R Q t 0 to 2) and 1 mg/ml (log FLt 2 to 1). Hybridisation was assayed by S1 nuclease resistance; R o t values for the kinetic components of the reaction, derived by computer analysis (19) , are indicated by the arrows. The results presented in Table 1 were reproducible with several different preparations of RNA and cDNA. However, one limitation to the determination of RNA complexity by cDNA -RNA hybridisation is the difficulty in measuring the final transition representing the reaction of rare sequences, the complexity of which can thus easily be underestimated (. 22 ). Consequently, many cf the 10,000 mRNA sequences which apparently disappear from the liver after adrenalectomy may simply have become much rarer and so not estimated by this method. To examine this possibility, the complexities of the polysomal poly(A) + RNA populations were analysed by saturation hybridisation of unique DNA, a method which is more sensitive to a complex population of rare sequences and which is, therefore, considered to give a more reliable estimate of the total complexity of a population of RNA Table 1 . Base-sequence complexities of liver polysomal poly(A) RNAs from (i), normal rats (Nl); (ii), adreualectomised rats (Adi); and (iii), adrenalectcmised rats 2 h (AdL,D2) and 6 h (AdL,D6) after injection of dexamethasone; calculated frcm the kinetics of homologous cDNA -RNA hybridisation reactions (14) . sequences (16, (21) (22) (23) , particularly when the mercurated RNA/thiol-Sepharose technique is used (23) . Unique DNA, isolated and labelled as described in Materials and Methods, annealed with a vast excess of total rat liver DNA with a C Q t^ of 1.6 x 10m oles see. 1~\ This compared favourably with the C Q t^ of 1.2 x 10^ moles sec. 1~^ observed for the unique sequence component of the whole DNA (not shown) when the small size of the labelled probe (about 300 nucleotides) was taken into consideration. The rates and extents of the reactions of this labelled unique DNA with the polysomal poly(A) + RNAs from the livers of normal and adrenalectomised rats are shown in Figures 2A and 2B . After subtraction of the background due to annealing of the probe with E. coli RNA, normal and adrenalectomised-rat liver mRNAs hybridised with 1.0$ and 0.75%, respectively, of the unique DNA. Since 72% of the labelled unique DNA annealed with total rat DNA, these figures indicate that 1.4% and 1.0%, respectively, of the unique DNA was complementary to the two RNA populations.
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Taking the molecular weight of the haploid rat genome to be 1.8 x 10^, of which 70% comprises unique-sequence DNA, and assuming asymmetric transcription, the base-sequence complexity of the polysomal poly(A) + RNA from normal liver is 1.75 x 10 10 , that is, equivalent to 27,000 diverse sequences of 2000 nucleotides. Similarly, the base-sequence complexity of liver mRNA 14 days after adrenalectomy is 1. accurate estimate of the total base-sequence complexity of a population of RNA sequences, the method does suffer from the disadvantage that only a small proportion of unique DNA hybridises with polysomal poly(A) + RNA and, consequently, differences between different populations of mRNAs are very small (Fig. 2) . To confirm the difference between the polysomal RNAs of normal liver and liver from 14-days adrenalectomised rats, unique DNA complementary to the polysomal poly(A) + RNAs of normal liver was isolated as described in Materials and Methods. This normal-liver-specific unique DNA was hybridised with polysomal poly(A) + RNA from livers of normal and adrenalectomised rats. Figure 3 shows that, at saturation, about 671 of this unique DNA hybridised with RNA from normal liver while only 50? hybridised with RNA from liver of adrenalectomised rats. Thus, if polysomal poly(A) + RNA of normal liver comprises 27,000 diverse sequences, that of adrenalectomised rats comprises 20,000 sequences.
Since more than 90S of the sequence complexity of normal liver polysomal poly(A) + RNA is contributed by the rare class of sequences (Table 1 and Ref. 21), and if it is assumed that each of these sequences is at about the same relative abundance, the kinetics of the homologous reaction shown in Figure 3 o n 10 - Hybridisation of normal-liver-specific unique-sequence DNA with polysomal RNAs : labelled unique DNA complementary to polysomal poly(A) + RNA from normal rat liver hybridised with polysomal poly(A) + RNAs from livers of normal rats (•) and adrenalectomised rats (O) at RNA concentrations of 1 tng/ml and 10 mg/ml and RNA/ DNA ratios of 1000 and 5000, respectively.
can be used to give an independent estimate of the base-sequence complexity of the rare class of mRNAs. The R Q t • of this reaction is 2 x 10 2 moles sec.
1 , so the base-sequence complexity of the RNA is about 2 x 10 , that is, it comprises about 30,000 diverse sequences of 2000 nucleotides, a figure which compares favourably with the estimate derived from the saturation hybridisation of total unique-sequence DNA (Fig. 2) .
Comparison of the kinetics of the homologous and heterologous reactions in Figure 3 also implies that there are differences in the relative abundances of poly(A) + RNA sequences common to livers from normal and adrenalectomised rats. In particular, it suggests that a small proportion of the sequences in normal rat liver becomes more abundant after adrenalectomy. Homology between liver mRWA populations in normal and adrenalectomised rats
The extent of the changes induced in liver polysomal poly(A) + RNA by adrenalectomy was investigated by comparing the rates and extents of homologous and heterologous cDNA -RNA hybridisation reactions. Figure 1A shows the kinetics of the reactions when a cDNA transcribed from normal ratliver polysomal poly(A) + RNA preparations); (B), polysomal poly(A) + RNA from livers of normal rats hybridised with polysomal cDNA from adrenalectomised-rat liver. In both A and B, the dashed line represents the kinetics of the corresponding homologous reaction with the same cDNA; hybridisation conditions were as described for Fig.1 . However, the kinetics of the converse reactions, with the probe from adrenalectomised-rat liver RNA, show that not all abundant liver mRNAs respond to adrenalectomy in the same way (Fig. 5B ). These data imply that less than half of the mass of the abundant normal liver mRNAs comprises sequences at higher abundance in livers from adrenalectomised rats, while some sequences are at similar relative abundances and others are decreased in abundance. + RNA from adrenalectomised rats (•) and normal rats (O). Hybridisation conditions were as for Fig.1 , with RNA concentrations of 50»ig/ml (up to log R o t 1) and 500iig/ml (log R Q t values greater than 1).
Comparison of rarer liver mRNA populations in normal and adrenalectomised rats cDNAs representing the rarer liver polysomal poly(A) + RNAs from normal and adrenalectomised rats, defined as those sequences which do not form hybrids by a R Q t of 10 moles sec. I"'' in a reaction with a 100-fold excess of poly(A) + RNA, were isolated in a similar way to the abundant-sequence cDNAs.
Contamination of these probes with non-hybridisable cDNA was eliminated by re-hybridisation of each probe with a 100-fold excess of its template poly(A) + RNA to a R Q t of 3 x 10^ moles sec. I" 1 ; cDNAs which formed hybrids in the second reaction were used as probes for the rarer mRNAs. Figure 6A shows the kinetics of the homologous and heterologous reactions of the cDNA probe for the rarer polysomal poly(A) + RNAs of normal liver. These indicate that many of the rarer sequences which are common to the livers of normal and adrenalectomised rats are much less abundant in the latter. Moreover, even at the end of the reaction (R Q t value of 5 x 10m oles sec. 1"^), only 752 of the cDNA which hybridised with normal liver RNA
Log R Q t (moles sec. I" 1 ) Figure 6 Hybridisation of rare cDNA sequences : (A), rare normal rat liver cDNA hybridised with liver polysomal poly(A) + RNA from normal rats (•) and adrenalectomised rats (O); (B), rare adrenalectomised-rat liver cDNA hybridised with liver polysomal poly(A) + RNA from adrenalectomised rats (•) and normal rats (O). Hybridisation conditions were as described for Fig.1 , with RNA concentrations of 1 jng/ml (up to R o t 300 moles sec. 1"') and 5 mg/ml (above R Q t 300 moles sec had been driven into hybrid by RNA from adrenalectomised rats. The kinetics of the converse reactions with the cDNA probe representing RNA sequences rare in liver after adrenalectomy (Fig. 6B ) are those which would be predicted from Figure 6A . Polysomal poly(A) + RNA from normal liver drove this probe into hybrid at a much faster rate than RNA from adrenalectomised animals, confirming that many common rarer sequences are reduced in abundance after adrenalectomy. Also, there is no difference in the extents of the homologous and heterologous reactions of this probe, confirming the conclusion, drawn from the data of Figure IB , that adrenalectomy does not induce the synthesis of a detectable proportion of new sequences. The difference between the levels to which the two probes hybridise with the corresponding homologous RNAs (54% and 80$) is noteworthy since both probes were prepared and reacted in the same way. This difference is consistent with the poly(A) + RNA from the livers of adrenalectomised rats being less complex than that from normal livers (Table 1) , and with the latter containing a higher proportion of very rare sequences than the former. In this situation, a 100-fold RNA excess (as was used in the second-stage preparative hybridisation) will drive into hybrid a higher proportion of adrenalectomised-rat liver cDNA than of normal rat liver cDNA. Isolation of a cDNA probe for liver mRNAs no longer detectable after adrenalectomy A cDNA probe enriched for sequences complementary to the polysomal poly(A) + RNAs which apparently were deleted from liver after adrenalectomy (Fig. 4A ) was isolated as follows. A 100-fold excess of mercurated polysomal poly(A) + RNA from livers of adrenalectomised rats was hybridised with cDNA transcribed from normal rat-liver polysomal RNA to a R Q t of 3 x 10-^ moles sec. 1~\ The hybridised cDNA (67% of the total) was removed by thiolSepharose chromatography, and the unhybridised cDNA (70? of which was nonhybridisable material) was used to probe the polysomal poly(A) + RNA from livers of normal and adrenalectomised rats. Figure 7 shows that virtually all of the hybridisable portion of this probe hybridised with RNA from normal liver whereas only 40% of it formed hybrids with RNA from adrenalectomised rats. This confirms that some liver polysomal mRNAs are reduced in concentration by adrenalectomy to levels at which they can no longer be detected. Hybridisation of normal-liver-specific cDNA with polysomal RNAs : normal liver cDNA enriched in sequences not detectable in polysomal RNA of livers from adrenalectomised rats hybridised with poly(A) + polysomal RNA from normal rat liver (O) and adrenalectomised-rat liver (•). Hybridisations were done at RNA concentrations of 1 mg/ml and 10 mg/ml, and RNA/cDNA ratios of 2500 and 25,000 respectively.
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Effect of dexamethasone on the polysomal poly(A)+ RNAs in livers of adrenalectomised rats
The measurements of the kinetics of the homologous cDNA -RNA hybridisation reactions with material from livers of adrenalectomised rats treated with dexamethasone indicated that the effects of adrenalectomy are very rapidly reversed by this synthetic glucocorticoid (Table 1) . Two experiments were done to explore this in more detail.
First, cDNA transcribed from normal liver polysomal poly(A) + RNA was challenged with polysomal poly(A) + RNA isolated from the livers of adrenalectomised rats 2 h and 6 h after a single injection of dexamethasone. Comparison of the homologous and heterologous reactions shows that, even by 2 h after administration of the hormone, significant qualitative and quantitative changes in the liver mRNA sequences are discernible (Fig. 8A) . By 6 h after injection of dexamethasone, it is evident that the population of liver polysomal poly(A) + RNAs is almost restored to normal in both qualitative and quantitative terms (Fig. 8B ).
In the second experiment, cDNA representing the rarer polysomal poly(A) + RNAs in normal liver (Fig. 6A ) was challenged with liver polysomal poly(A) + RNA from hormone-treated adrenalectomised rats ( Fig. 8C and D) . Again it is evident that dexamethasone has a profound effect on the relative abundances of the rarer poly(A) + RNAs and, by 6 h after administration of the hormone, this population of RNA sequences in adrenalectomised animals is very similar to that in normal rat livers.
DISCUSSION
The base-sequence complexity of polysomal polytA)* RNA Our estimates of the complexity of rat-liver polysomal poly(A) + RNA are quite similar to those of others who have used the same techniques to make this measurement. Discrepancies between estimates derived from considerations of the kinetics of cDNA -RNA hybridisation reactions and those derived from measurements of the proportion of unique-sequence DNA hybridised at saturation have been noted and discussed before (16, (21) (22) (23) (24) . It is now clear that the kinetic method is inaccurate if, as is the case with liver polysomal poly(A) + RNA, a large proportion of the sequence complexity of a population of RNAs is comprised of molecules present in only a few copies per cell. On the other hand, in this situation the unique-sequence saturation method gives a more accurate estimate of total complexity since it is just as sensitive to very rare RNA sequences in the population as it is to abundant sequences, provided the reaction has been done with a very large RNA mass excess, and has been driven to a high R Q t value. However, the saturation method is not very sensitive to differences between the relative abundances of sequences common to two populations of RNAs whereas the kinetic method is, particularly when the rates of homologous and heterologous reactions are compared. We have, therefore, used both methods in our comparison of the populations of polysomal poly(A) + RNAs in the livers of rats before and after adrenalectomy.
Taking these factors into consideration, we estimate that normal rat liver polysomal poly(A) + RNA comprises the equivalent of about 30,000
sequences of 2000 nucleotides. About half of the mass of the RNA consists of a relatively few (less than 500) sequences; the remainder consists of the majority (at least 98%) of the sequences, most cf which are rare or very rare and so must be present in only a few copies per cell on average. Similar conclusions have been reached by others (21, 22) . The effect of adrenalectomy on liver polysomal RNA Removal of the adrenal glands has a very profound effect on the population of poly(A) + RNAs on rat-liver polysomes. Unique-sequence DNA hybridisation suggested that the equivalent of about 7000 sequences (25%) in normal liver polysomal poly(A) + RNA are so much reduced in abundance after adrenalectomy that they can no longer be detected. The accuracy of this estimate could be questioned because it is based on the very small proportions of total unique DNA which hybridised with the two polysomal RNAs. However, a more reliable estimate of the difference between the RNA populations in pre-and post-adrenalectomy livers was obtained from the relative amounts of normal liver-specific unique DNA which hybridised with these RNAs. This estimate also indicates that about 25% of the sequence complexity of normal liver polysomal poly(A) + RNA has been deleted 11 days after adrenalectomy. Moreover, it can be deduced from the measurements of the extents to which the normal liver cDNA probes hybridised with the postadrenalectomy RNA that the vast majority (if not all) of these sequences must be among those classed as rare or very rare in normal rat liver. However, the possibility that a few abundant sequences have also been deleted following adrenalectomy cannot be excluded on the basis of these data.
In addition to this qualitative effect on the relative abundances of the surviving population of poly(A) + RNAs, the kinetics of the cDNA -RNA reactions show that, on average, the sequences which are at low abundance in normal liver polysomes become even rarer after adrenalectomy. Some sequences which are normally at a relatively high abundance in normal liver also become rarer, but some others clearly become even more abundant. This last conclusion has recently been substantiated by an experiment in which a amphibian liver (26) (27) (28) . These involve the synthesis of secreted proteins in large quantities where previously none, or almost none, was produced; induction in these systems appears to involve changes in chromatin conformation and the location of the gene sequences within the nuclear matrix (26) (27) (28) . However, many of the changes we observe in the rat liver in response to depletion, and re-administration, of glucocorticoid appear to involve modulation of mRNA abundance rather than a repression/derepression phenomenon. The effects of liver growth and differentiation on the abundances of some specific mRNA species have been reported. Cassio et al. (29) used a cDNA probe to study albumin mRNA levels in a range of hepatomas, and concluded that albumin gene expression is probably, but not certainly, under transcriptional control. Cell-free translation and specific cDNA probes have been used to demonstrate (i), Zn ++ -induced accumulation of metallothionein mRNA (30); (ii), corticosteroid, cAMP and development-induced accumulation of tyrosine aminotransferase mRNA (3D; and (iii), decreases in od-foetoprotein mRNA levels during post-natal development (32) . In no case, however, has it been shown rigorously that these changes in mRNA concentrations are due entirely to transcriptional rather than post-transcriptional events.
Barth et al. (33) have studied 10 -12 tissue-specific, abundant, mouseliver mRNAs, and have shown that they are not under common developmental regulation. These authors suggested that some developmental changes in the liver may be due to selective proliferation of some cell types. The adult rat liver is 90% by weight hepatocytes, and this cell type will therefore contribute the vast bulk of the mRNA sequences we have studied. Nevertheless, we cannot formally exclude that a differential effect of adrenalectomy on the relative abundance of the different types of cell in the liver could make some contribution to the changes in mRNA abundances which we observed.
The very large qualitative and quantitative changes in liver mRNAs which are induced by adrenalectomy, and the rapidity with which these are reversed by dexamethasone, suggest that the abundances of at least some species may be modified by post-transcriptional control mechanisms. There is already considerable evidence implicating sequence-specific post-transcriptional mechanisms as important determinants of sequence abundance in steady-state mRNA populations (11, 21, 22, 25, (34) (35) (36) (37) . Our data indicate that liver in adrenalectomised rats provides a potentially fruitful system in which the mechanisms regulating the abundances of mRNA sequences can be investigated.
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